
(19) 

Europaisches  Patentamt 

European  Patent  Office 

Office  europeen  des  brevets 

(12) 

peen  des  brevets  E P   0  5 4 8   8 6 8   B 1  

EUROPEAN  PATENT  S P E C I F I C A T I O N  

(45)  Date  of  publication  and  mention 
of  the  grant  of  the  patent: 
16.09.1998  Bulletin  1998/38 

(21)  Application  number:  92121682.6 

(22)  Date  of  filing:  21.12.1992 

(51)  Int  Cl.e:  C21C  7 / 1 0  

(54)  Method  of  refining  of  high  purity  steel 

Verfahren  zum  Raffinieren  von  sehr  reinem  Stahl 

Procede  de  raffinage  d'acier  tres  pur 

(84)  Designated  Contracting  States: 
BE  DE  FR  GB  SE 

(30)  Priority:  24.12.1991  JP  340674/91 
04.02.1992  JP  19065/92 
19.02.1992  JP  31863/92 
26.02.1992  JP  39454/92 
14.04.1992  JP  94175/92 
14.04.1992  JP  94176/92 
12.06.1992  JP  153450/92 

(43)  Date  of  publication  of  application: 
30.06.1993  Bulletin  1993/26 

(73)  Proprietor:  KAWASAKI  STEEL  CORPORATION 
Kobe-shi  Hyogo-ken  651  (JP) 

(72)  Inventors: 
•  Kato,  Yoshiei,  c/o  Tecnical  Research  Division 

Chuo-ku,  Chiba-shi,  Chiba-ken  260  (JP) 
•  Kirihara,  Tadasu,  c/o  Tecnical  Research  Division 

Chuo-ku,  Chiba-shi,  Chiba-ken  260  (JP) 
•  Taguchi,  Seiji,  c/o  Tecnical  Research  Division 

Chuo-ku,  Chiba-shi,  Chiba-ken  260  (JP) 
•  Fujii,  Tetsuya,  c/o  Tecnical  Research  Division 

Chuo-ku,  Chiba-shi,  Chiba-ken  260  (JP) 
•  Omiya,  Shigeru, 

c/o  Mizushima  Works  ofDivision 
Kurashiki-shi,  Okayama-ken  712  (JP) 

•  Suito,  Masahito, 
c/o  Mizushima  Works  ofDivision 
Kurashiki-shi,  Okayama-ken  712  (JP) 

DO 
00 
CO 
00 
CO 
^> 
lO 
o  
a .  
LU 

(74)  Representative:  Griinecker,  Kinkeldey, 
Stockmair  &  Schwanhausser  Anwaltssozietat 
Maximilianstrasse  58 
80538  Miinchen  (DE) 

(56)  References  cited: 
EP-A-  0  351  762 
EP-A-  0  520  085 

EP-A-  0  461  415 
DE-A-  3  247  757 

PATENT  ABSTRACTS  OF  JAPAN  vol.  1  2,  no.  358 
(C-531  )  (3205)  26  September  1  988  &  JP-A-63  1  1  4 
918  (SUMITOMO  METAL  IND)  19  May  1988 
PATENT  ABSTRACTS  OF  JAPAN  vol.  2,  no.  126 
(C-25)  (2582)  21  October  1978  &  JP-A-53  092  320 
(SHIN  NIPPON  SEITETSU)  14  August  1978 
PATENT  ABSTRACTS  OF  JAPAN  vol.  7,  no.  77 
(C-159)(1222)  30  March  1983  &  JP-A-58  009  914 
(SUMITOMO  KINZOKU  KOGYO)  20  January  1983 
PATENT  ABSTRACTS  OF  JAPAN  vol.  14,  no.  90 
(C-691)  (4033)  20  February  1990  &  JP-A-01  301 
814  (KAWASAKI  STEEL)  6  December  1989 
STAHL  UND  EISEN,  vol.110,  no.5,  15  May  1990, 
DUSSELDORF  DE  pages  61  -  70 
W.PLUSCHKELL  'Metallurgische 
Reaktionstechnik  ' 
STEEL  TIMES  -  INCORPORATING  IRON  & 
STEEL,  vol.216,  no.3,  March  1988,  LONDON  GB 
page  143  N.N.  'RH  -  Injection  process  ' 

Note:  Within  nine  months  from  the  publication  of  the  mention  of  the  grant  of  the  European  patent,  any  person  may  give 
notice  to  the  European  Patent  Office  of  opposition  to  the  European  patent  granted.  Notice  of  opposition  shall  be  filed  in 
a  written  reasoned  statement.  It  shall  not  be  deemed  to  have  been  filed  until  the  opposition  fee  has  been  paid.  (Art. 
99(1)  European  Patent  Convention). 

Printed  by  Jouve,  75001  PARIS  (FR) 



EP  0  548  868  B1 

Description 

Background  of  the  Invention 

5  Field  of  the  Invention 

The  present  invention  relates  to  secondary  refining  of  molten  steel,  and  particularly,  to  a  method  of  effectively 
lowering  impurities  (sulphur,  oxygen,  nitrogen  and  carbon)  in  molten  steel  up  to  respective  ultra-low  ranges  using  a 
RH  vacuum  degassing  unit. 

10 
Description  of  the  Prior  Technology 

In  secondary  refining  of  molten  steel,  there  has  been  known  a  method  of  supplying  a  flux  in  a  vacuum  vessel  of  a 
RH  vacuum  degassing  unit  for  refining  under  desulphurization,  wherein  the  flux  is  freely  fallen  on  the  bath  surface 

is  within  the  vacuum  vessel.  Accordingly,  for  improving  the  reaction  rate,  the  flux  in  the  form  of  fine  powder  must  be  used. 
This  brings  about  a  large  disadvantage  that  the  added  flux  is  sucked  to  the  exhaust  system  before  reaching  the  bath 
surface  of  the  molten  steel.  To  cope  with  the  disadvantage  of  using  the  fine  powder  flux,  there  has  been  proposed  a 
method  of  using  the  massive  flux;  however,  it  is  inconvenient  in  degrading  the  reaction  efficiency. 

Also,  there  has  been  proposed  a  method  of  promoting  the  reaction  while  circulating  both  the  molten  steel  and  the 
20  flux  by  injecting  a  desulphurizing  flux  into  the  molten  steel  directly  under  a  riser  using  the  so-called  immersion  lance 

in  the  RH  vacuum  degassing  unit  disclosed  in  "Material  and  Process";  Vol  1  .  1  ,  pp.  1  1  89  (1  988).  This  known  technology, 
however,  has  disadvantages  that  the  immersion  lance  is  short  in  its  service  life  and  is  difficult  in  its  management,  and 
further,  it  is  difficult  to  accurately  guide  both  the  injected  gas  and  the  flux  in  the  riser  and  hence  to  manage  the  operation. 

Further,  differently  from  the  above,  there  has  been  known  such  a  desulphurizing  refining  technology  as  disclosed 
25  in  Japanese  Patent  Laid-open  No.  sho  63-1  1  491  8.  In  this  technology,  a  nozzle  is  provided  on  the  inner  wall  of  a  vacuum 

vessel  of  a  RH  vacuum  degassing  unit  in  such  a  manner  as  to  be  inclined  at  30-50°  with  respect  to  the  horizontal 
direction,  and  the  desulphurization  is  performed  by  injecting  1.7-4.0  kg/t  of  a  flux  to  the  steel  bath  surface  within  the 
vessel.  This  known  technology,  however,  is  disadvantageous  in  that,  since  the  flux  is  charged  in  the  direction  inclined 
to  the  steel  bath  surface,  the  catching  efficiency  of  the  flux  to  the  molten  steel  becomes  poor  and  the  effective  desul- 

30  phurization  is  obstructed  by  the  influence  of  the  oxidizing  potential  of  the  slag  on  the  steel  bath. 
Also,  there  has  been  such  a  technology  as  disclosed  in  Japanese  Patent  Laid-open  No.  sho  53-92320,  wherein 

molten  steel  is  secondarily  refined  by  injecting  a  powder  flux  on  the  steel  bath  within  a  RH  vacuum  vessel.  However, 
this  known  technology  is  intended  to  lower  the  oxygen  concentration  in  the  molten  steel,  and  does  not  refer  to  the 
composition  of  the  slag  in  a  ladle  which  is  extremely  important  requirement  in  the  desulphurizing  treatment.  Therefore, 

35  it  is  entirely  obscure  whether  or  not  the  above  technology  is  effective  to  the  desulphurizing  treatment  which  is  the 
subject  of  the  present  invention. 

Further,  Japanese  Patent  Laid-open  No.  sho  58-9914  discloses  a  VOD  process,  wherein  the  desulphurization  is 
performed  by  injecting  a  powder  flux  together  with  a  carrier  gas  on  the  steel  bath  surface  under  the  reduced  pressure 
using  a  top-injecting  lance.  However,  this  known  technology  does  not  teach  how  the  desulphurizing  reaction  is  exerted 

40  by  the  effect  of  the  oxidizing  slag  (ladle  slag),  which  inevitably  flows  out  upon  tapping  the  molten  steel  from  the  primary 
refining  furnace  such  as  a  converter  to  a  ladle.  Therefore,  it  is  doubtful  whether  or  not  the  above  technology  may  be 
applicable  for  the  desulphurizing  treatment  in  the  RH  vacuum  degassing  unit. 

On  the  other  hand,  the  melting  of  ultra-low  carbon  steel  is  commonly  made  by  the  steps  of  performing  decarburi- 
zation  and  dephosphorization  in  the  converter,  and  of  performing  decarburization  and  deoxidation  into  a  specified 

45  carbon  concentration  using  a  secondary  refining  unit  such  as  an  RH  vacuum  degassing  unit  or  a  DH  unit.  In  the  melting 
method  of  this  type,  it  is  important  to  rapidly  perform  the  decarburization  and  deoxidation  up  to  the  low  concentration 
range,  which  is  also  desirable  for  improving  the  quality  of  the  steel  and  for  preventing  the  surface  defects  due  to  non- 
metallic  inclusions. 

To  meet  the  above  demand,  there  has  been  proposed  technologies  of  effectively  performing  deoxidation.  For 
so  example,  "Iron  and  Steel";  No.  11  ,  Vol.  76,  pp.  1932-1  939  discloses  a  technology  of  preventing  re-oxidation  of  the  steel 

bath  due  to  oxides  (iron  oxide  or  manganese  oxide)  in  the  converter  slag  floating  on  the  steel  bath  in  the  ladle  through 
reduction  of  the  converter  slag.  However,  in  this  technology,  it  is  impossible  to  rapidly  measuring  the  amount  and  the 
composition  of  the  converter  slag  floating  on  the  steel  bath  in  the  ladle,  and  accordingly,  the  reduction  is  made  unstable. 
For  example,  in  the  case  that  a  reducing  agent  is  excessively  charged,  it  reacts  with  the  dissolved  oxygen  in  the  molten 

55  steel,  which  brings  about  the  lack  of  the  oxygen  amount  required  for  decarburization,  or  which  causes  the  rephosphori- 
zation  accompanied  with  the  slag  reducing  action. 

Further,  it  has  been  pointed  out  that  the  essential  decarburization  is  occasionally  stagnated,  particularly,  in  the 
ultra-low  carbon  range  (for  example,  as  disclosed  in  "Material  and  Process";  No.  1,  Vol.  1.  3,  pp.  168  to  171). 

2 
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As  described  above,  in  the  conventional  technologies,  there  is  not  considered  how  to  control  the  composition  of 
the  primary  refining  slag  (ladle  slag)  discharged  from  the  converter,  and  the  composition  of  the  secondary  refining  slag 
produced  in  the  ladle  or  in  the  vacuum  vessel  of  the  RH  vacuum  degassing  unit,  which  makes  impossible  to  perform 
the  effective  desulphurization  and  the  deoxidation. 

5  For  example,  the  above  conventional  technologies  disclosed  in  Japanese  Patent  Laid-open  Nos.  sho  53-92320 
and  sho  63-114918  have  the  ideas  relating  to  the  injection  of  the  desulphurizing  and  deoxidizing  flux;  however,  they 
does  not  refer  to  the  composition  of  the  slag  in  the  ladle  at  all.  On  the  other  hand,  in  the  technology  proposed  in 
Japanese  Patent  Laid-open  No.  sho  58-991  4,  there  appears  the  description  on  such  a  slag  composition.  The  descrip- 
tion,  however,  is  made  not  on  the  operation  of  the  RH  vacuum  degassing  unit,  but  on  the  VOD  process  in  which  the 

10  slag  is  strongly  stirred  together  with  the  steel  bath.  Further,  the  proposal  relates  to  the  technology  of  adjusting  the 
basicity  of  the  slag,  and  thus  is  not  applicable  for  the  RH  vacuum  degassing  treatment  as  it  is. 

Also,  differently  from  the  problems  of  the  conventional  technologies,  the  melting  of  ultra-low  sulphur  steel  has 
generally  the  following  problem:  namely,  in  the  case  of  performing  the  desulphurization  up  to  the  ultra-low  sulphur 
concentration  region,  it  is  necessary  to  increase  the  injected  amount  and  the  injecting  time  of  the  powder  flux,  and 

is  accordingly,  the  temperature  drop  due  to  the  powder  flux  must  be  compensated  by  increasing  the  temperature  of  the 
molten  steel.  However,  if  the  furnace  tapping  temperature  is  increased,  the  life  of  the  refractories  in  the  converter  is 
deteriorated.  Needless  to  say,  there  has  been  examined  a  method  of  performing  desulphurization  while  compensating 
the  temperature  in  the  RH  vacuum  degassing  treatment;  but  it  has  been  not  established  as  yet. 

Further,  as  the  other  problem,  in  the  case  that  the  desulphurization  is  performed  by  injecting  a  powder  flux  on  the 
20  surface  of  the  molten  steel  in  the  RH  vacuum  degassing  unit,  it  is  desirable  that  the  powder  is  circulated  between  the 

vacuum  vessel  and  the  ladle  together  with  the  flow  of  the  molten  steel  and  is  finally  caught  in  the  ladle.  The  powder, 
however,  is  commonly  in  the  state  of  floating  on  the  steel  bath  surface  within  the  vacuum  vessel  and  is  not  circulated. 
In  the  actual  circumstances,  the  above  conventional  technologies  has  not  solved  this  problem  as  yet. 

From  EP-A-351  762,  there  is  known  a  process  for  producing  high  cleaness  extra  low  carbon  steel  including  sup- 
25  plying  a  deoxidisation  agent  to  a  slag  in  a  laddie  for  adjusting  the  T-Fe  (total  iron)  concentration  in  said  slag  at  lower 

than  or  equal  to  5%.  Subsequently,  a  vacuum  degassing  process  is  performed  with  an  oxygen  lens  to  lower  the  carbon 
content  in  the  steel  lower  than  or  equal  to  0.006%. 

Furthermore,  from  JP-A-63-1  14  918,  there  is  known  a  process  for  producing  of  flow  sulphur  clean  steel  which  uses 
a  powder  blowing  lens  through  which  a  lime-fluorite  base  desulphurization  agent  is  blown  onto  the  steel  surface  within 

30  a  RH-OB  unit. 
Furthermore,  there  is  known  from  JP-A-58-9914  a  refining  method  for  steel,  said  method  making  use  of  a  flux 

powder  which  is  sprayed  with  argon  as  a  carrier  gas  through  a  top  blowing  lens  into  the  steel. 
It  is  an  object  of  the  present  invention  to  solve  the  above  discussed  disadvantages  of  the  conventional  technologies 

and  to  provide  a  technology  of  refining  ultra-low  sulphur  and  oxygen  steels  by  effectively  performing  desulphurization 
35  and  deoxidization  without  causing  any  contamination  of  the  molten  steel.  In  particular,  the  present  invention  intends 

to  effectively  realise  the  ultra-decarburization  and  the  melting  of  high  purity  steel. 
The  above  object  is  achieved  by  the  subject  matter  of  claim  1  . 
Preferred  embodiments  and  further  improvements  of  the  invention  are  defined  in  the  depending  sub-claims. 

40  Brief  Description  of  the  Drawings 

Fig.  1  is  a  flow  chart  showing  an  embodiment  of  the  present  invention; 
Fig.  2  is  a  graph  showing  a  relationship  between  (FeO  +  MnO)  and  the  total  amount  of  oxygen  in  steel  after  RH 
treatment; 

45  Fig.  3  is  a  typical  view  showing  a  RH  treatment  unit. 
Fig.  4  is  a  graph  showing  a  relationship  between  the  flux  amount  and  the  total  amount  of  oxygen  in  steel  after  RH 
treatment; 
Fig.  5  is  a  graph  showing  the  effect  of  oxidizing  gas  injection  exerted  on  the  temperature  of  molten  steel; 
Fig.  6  is  a  graph  showing  a  relationship  between  each  treatment  and  the  total  amount  of  oxygen  in  steel  after  RH 

so  treatment; 
Fig.  7  is  vertical  sectional  view  of  an  RH  degassing  treatment  unit; 
Fig.  8  is  a  typical  view  of  an  RH  degassing  treatment  unit; 
Fig.  9  is  a  graph  showing  a  relationship  between  (FeO  +  MnO)  and  the  desulphurizing  ratio; 
Fig.  10  is  a  graph  showing  a  relationship  between  the  injecting  flow  rate  of  a  powder  flux  and  the  desulphurizing 

55  ratio; 
Fig.  11  is  a  graph  showing  a  relationship  between  the  used  amount  of  a  flux  and  the  desulphurizing  ratio; 
Fig.  12  is  a  sectional  view  showing  the  powder  included  state  in  the  case  of  changing  the  bath  depth; 
Fig.  13  is  a  sectional  view  showing  the  powder  included  state  in  the  case  of  changing  the  bath  depth; 

3 
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Fig.  14  is  a  view  showing  the  desulphurizing  ratio  depending  on  the  change  in  the  slag  composition;  and 
Fig.  15  is  a  view  showing  a  relationship  between  the  unit  requirement  of  the  flux  and  the  desulphurizing  ratio. 

Description  of  the  Preferred  Embodiments 
5 

Hereinafter,  the  present  invention  will  be  described  in  detail  with  reference  to  the  flow  chart  of  the  embodiment  as 
shown  in  Fig.  1  . 

(1)  Molten  Iron  Prerefining  Process 
10 

First,  as  the  prerefining  process,  it  is  essential  to  apply  dephosphorization  and  desulphurization  to  molten  iron 
tapped  from  the  blast  furnace.  Namely,  by  this  prerefining  process,  the  unit  requirement  of  supplementary  raw  material 
such  as  CaO  can  be  reduced  on  the  whole  melting  process.  Further,  by  this  prerefining  process,  P205  in  the  slag  to 
be  produced  by  converter  blowing  may  be  reduced,  thereby  eliminating  the  fear  of  causing  rephosphorization  into  the 

is  molten  steel  during  reduction  of  P205  in  the  secondary  refining  process  such  as  slag  reforming  and  RH  vacuum  de- 
gassing  treatment. 

(2)  Converting  Process 

20  In  the  converter,  decarburization  is  mainly  performed.  Here,  the  carbon  concentration  at  blowdown  is  specified  to 
be  0.02  to  0.  1  %.  When  the  carbon  concentration  is  less  than  0.02%,  there  arise  the  following  inconveniences:  namely, 
the  concentration  of  iron  oxide  in  slag  becomes  excessively  higher,  which  exerts  adverse  effect  on  the  converter  re- 
fractories;  the  slag  reforming  becomes  unstable:  and,  even  when  CaO  or  the  like  is  injected  from  a  top-injecting  lance 
in  the  next  RH  vacuum  degassing  treatment,  the  slag-making  between  CaO  and  the  slag  component  such  as  FeO  is 

25  readily  progressed  thereby  causing  re-oxidation  due  to  the  slag,  which  obstructs  the  effective  progress  of  the  deoxi- 
dation.  On  the  other  hand,  when  the  carbon  concentration  is  more  than  0.1%,  the  oxygen  concentration  under  decar- 
burization  in  the  next  RH  vacuum  degassing  treatment  is  excessively  lowered,  which  makes  it  impossible  to  achieve 
the  rapid  decarburization.  In  addition,  in  decarburization  up  to  the  low  carbon  level,  there  secondarily  occurs  dephos- 
phorization  in  only  a  little  degree. 

30 
(3)  Slag  Reforming  Process 

Subsequently,  the  molten  steel  after  decarburization  is  tapped  in  a  ladle,  and  the  slag  reforming  is  performed 
therein.  Here,  it  is  essential  to  adjust  the  slag  component  to  be  (FeO  +  MnO)g  5%  for  preventing  re-oxidation  from 

35  the  slag. 
Fig.  2  shows  a  relationship  between  the  total  concentration  of  FeO  and  MnO  and  the  oxygen  concentration  after 

RH  vacuum  degassing  treatment.  As  is  apparent  from  this  figure,  when  the  total  concentration  of  FeO  and  MnO  is 
more  than  5%,  the  oxygen  concentration  after  RH  vacuum  degassing  treatment  is  rapidly  increased.  The  reason  for 
this  is  that  the  slag-making  between  FeO  and  MnO  in  the  slag  and  the  powder  flux  containing  50%  or  more  of  CaO  is 

40  rapidly  progressed,  which  obstructs  the  shielding  effect  by  the  flux  for  the  slag-metal  interface,  thereby  progressing 
re-oxidation. 

(4)  RH  Vacuum  Degassing  Treatment  Process 

45  In  the  RH  vacuum  degassing  treatment  process,  the  above  molten  steel  is  adjusted  in  specified  concentrations  of 
carbon  and  oxygen.  Namely,  oxygen  or  oxidizing  gas  containing  oxygen  is  injected  on  the  steel  bath  surface  within  a 
vacuum  vessel  of  an  RH  vacuum  degassing  unit  from  a  top-injecting  lance  disposed  to  the  vacuum  vessel  according 
to  the  carbon  concentration  and  the  dissolved  oxygen  obtain  in  the  above  processes,  and  further,  the  temperature  of 
the  molten  steel.  Here,  in  lack  of  the  dissolved  oxygen  concentration,  the  injected  oxygen  becomes  the  oxygen  source 

so  in  the  steel  and  contributes  to  increase  the  decarburizing  rate.  Also,  a  part  of  oxygen  burns  CO  gas  produced  by 
decarburization  to  convert  it  into  C02,  and  transmits  the  burning  heat  thereof  to  the  molten  steel.  By  this  injection  of 
the  oxidizing  gas,  it  is  possible  to  control  the  oxygen  concentration  and  the  treating  temperature  of  the  molten  steel  to 
be  subjected  to  the  RH  vacuum  degassing  treatment,  and  hence  to  eliminate  the  severe  management  for  the  component 
and  the  temperature  in  the  previous  converting  and  slag  reforming  processes. 

55  Further,  for  decarburization  up  to  the  ultra-low  carbon  range,  powder  containing  hydrogen  such  as  Ca(OH)2,  Mg 
(OH)2,  alum  or  the  like  is  injected  on  the  steel  bath  surface  within  the  vacuum  vessel  from  the  above  top-injecting 
lancer.  For  example,  in  the  case  of  injecting  Ca(OH)2,  hydrogen  atoms  H  in  the  steel  produced  by  the  reaction  of  Ca 
(OH)2  =>  CaO  +  2H  +  O  is  converted  to  hydrogen  molecules  (2  H_  =>  H2)  in  the  vicinity  of  the  steel  bath  surface.  At 
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this  time,  the  reaction  interface  area  is  simultaneously  increased,  which  promotes  the  decarburizing  reaction  of  C  +  O 
=>  CO.  Accordingly,  the  stagnated  decarburization  generated  in  the  ultra-low  carbon  range  is  eliminated,  and  therefore, 
the  carbon  concentration  is  rapidly  lowered  up  to  the  limited  value  to  be  refined. 

The  molten  steel  is  thus  adjusted  in  a  specified  ultra-low  carbon  concentration,  and  subsequently  deoxidized  by 
5  the  addition  of  a  reducing  agent  such  as  Al  in  the  vacuum  vessel.  The  molten  steel  is  further  adjusted  in  its  composition. 

Thus  the  ultra-low  carbon  steel  of  the  desired  composition  is  obtained. 
Next,  there  will  be  described  another  RH  treatment  process  with  reference  to  Fig.  3.  First,  the  slag  composition  is 

adjusted  on  tapping  of  the  molten  steel  from  the  converter  or  in  a  ladle  10  in  which  the  molten  steel  is  tapped.  After 
that,  an  RH  vacuum  degassing  unit  is  mounted  to  the  ladle  10,  and  oxygen  or  oxidizing  gas  containing  oxygen  is 

10  injected  on  the  steel  bath  surface  within  a  vacuum  vessel  18  of  the  RH  vacuum  degassing  unit  from  an  top-injecting 
lance  20  disposed  to  the  vacuum  vessel  18  at  least  for  a  part  of  period  for  RH  vacuum  degassing  treatment.  After 
completing  the  RH  vacuum  degassing  treatment,  Al  is  added,  and  subsequently,  a  powder  flux  22  containing  50%  or 
more  of  CaO  is  injected  on  the  steel  bath  surface  in  an  amount  of  3kg  per  1t  of  the  molten  steel  from  the  above  top- 
injecting  lance  20. 

is  In  the  above  treatment,  by  injecting  the  oxidizing  gas  on  the  steel  bath  surface  within  the  vacuum  vessel  from  the 
top-injecting  lance,  it  is  possible  to  increase  the  temperature  of  the  molten  steel,  and  hence  to  realize  the  injection  of 
a  large  amount  of  the  flux  in  the  RH  vacuum  degassing  treatment  without  remarkably  increasing  the  temperature  of 
the  molten  steel  before  being  tapped  to  the  ladle.  This  flux  has  a  function  to  promote  the  floatation  of  non-metallic 
inclusions  in  the  molten  steel,  thereby  making  it  possible  to  refine  the  ultra-low  carbon  steel  with  high  purity. 

20  The  reason  why  the  powder  flux  containing  50%  or  more  of  CaO  is  injected  in  an  amount  of  3kg  or  more  per  1t  of 
the  molten  steel  lies  in  perfectly  shielding  the  slag-metal  interface  by  the  flux.  When  the  injected  amount  of  the  flux  per 
1t  of  the  molten  steel  is  less  than  3kg,  there  arises  such  an  inconvenience  that  the  oxygen  concentration  after  the  RH 
vacuum  degassing  treatment  is  not  lowered. 

Further,  since  the  oxidizing  gas  or  the  flux  is  injected  from  the  top-injecting  lance,  the  need  of  feeding  a  purge  gas 
25  is  eliminated  when  the  injection  is  not  performed,  differently  from  the  case  of  using  an  immersion  lance.  Thus,  it  is 

possible  to  suppress  the  temperature  drop  in  the  RH  vacuum  degassing  treatment  to  a  minimum. 
With  reference  to  Fig.  7,  there  will  be  described  a  technology  of  effectively  performing  desulphurization  under  low 

oxidizing  potential  by  injecting  the  powder  mainly  containing  CaO  in  a  required  amount  according  to  the  sectional  area 
of  the  ladle  on  the  steel  bath  surface  within  the  RH  vacuum  vessel  from  the  top-injecting  lance. 

30  As  shown  in  Fig.  7,  the  RH  vacuum  degassing  treatment  is  performed  as  follows:  Two  immersion  tubes  46  and  48 
provided  on  the  underside  of  a  vacuum  vessel  36  are  immersed  in  a  molten  steel  32  within  a  ladle  30.  The  molten  steel 
32  in  the  ladle  30  is  lift-pumped  within  the  vacuum  vessel  36  while  performing  the  exhaust  through  an  exhaust  port  34 
provided  on  the  upper  portion  of  the  vacuum  vessel  36,  and  simultaneously  argon  gas  is  injected  to  the  above  lift- 
pumping  immersion  tube  46.  Thus,  while  the  molten  steel  32  is  circulated  between  the  ladle  30  and  the  vacuum  vessel 

35  36  by  the  above  lift-pumping  action,  the  degassing  treatment  is  performed. 
According  to  the  present  invention,  in  the  above  RH  treatment,  the  top-injecting  lance  38  is  descended  within  the 

vacuum  vessel  36  and  is  made  to  face  to  the  molten  steel  32.  Thus,  from  the  leading  edge  of  the  top-injection  lance 
38,  the  flux  40  mainly  containing  CaO  is  injected  on  the  molten  steel  surface  together  with  a  carrier  gas  such  as  argon 
at  a  gas  flow  rate  of  1  0m/s  or  more.  The  reason  why  the  gas  flow  rate  of  the  carrier  gas  is  1  0m/s  or  more  is  as  follows; 

40  namely,  for  the  flow  rate  less  than  10m/s,  the  flux  40  is  not  effectively  permeated  into  the  molten  steel  32;  and  for  the 
flow  rate  more  than  1  0m/s,  even  a  fine  powder  flux  (for  example,  under  325  mesh)  is  not  sucked  to  the  vacuum  exhaust 
port  34  and  is  effectively  permeated  in  the  molten  steel  32. 

Incidentally,  the  effective  desulphurization  cannot  be  achieved  merely  by  injecting  the  flux  40  in  a  specified  amount. 
It  is  essential  to  inject  the  flux  40  in  the  specified  amount  according  to  the  sectional  area  of  the  ladle.  Namely,  the  flux 

45  40  injected  on  the  molten  steel  32  and  the  ladle  slag  42  having  a  high  oxidizing  potential  must  be  perfectly  shield  the 
molten  steel  32  from  the  ladle  slag  42  for  reducing  the  oxidizing  potential  at  the  reaction  interface. 

Accordingly,  even  with  the  same  amount  of  the  molten  steel,  if  the  sectional  area  of  the  ladle  is  smaller,  the  flux 
amount  may  be  reduced;  and  conversely,  if  being  larger,  the  flux  amount  must  be  increased. 

The  present  inventors  have  earnestly  studied,  and  found  the  fact  that  desulphurization  is  progressed  up  to  the 
so  ultra-low  sulphur  level  in  the  case  that  the  following  relationship  is  satisfied  between  the  flux  amount  and  the  sectional 

area  of  the  ladle. 

55 
co/pg;0.015A 

wherein  co  is  an  amount  (kg)  of  powder  mainly  containing  CaO,  p  is  a  density  (kg/cm3)  of  powder  mainly  containing 
CaO,  A  is  a  sectional  area  of  a  ladle  at  the  position  of  the  molten  steel  surface,  and  the  value  of  0.015  is  a  coefficient 
meaning  the  thickness  of  the  flux. 
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In  addition,  as  the  composition  of  the  ladle  slag  having  a  high  oxidizing  potential,  it  is  preferable  within  the  range 
of  (%T-Fe)  g  10.  In  the  course  of  the  present  invention,  it  has  been  found  the  fact  that,  for  the  slag  composition  of 
(%T-Fe)  >  1  0%,  the  flux  does  not  achieve  the  perfect  shielding  effect  between  the  slag  and  the  metal.  Here,  the  content 
of  CaF2  and/or  Al203  with  respect  to  the  total  flux  is  specified  at  5  to  40  wt%.  The  reason  for  this  lies  in  improving  the 

5  desulphurizing  ratio  due  to  the  promotion  of  the  slag-making  for  the  main  component,  CaO. 
Next,  there  will  be  described  the  case  of  injecting  the  powder  flux  mainly  containing  CaO  in  the  molten  steel  in  the 

vacuum  vessel  of  the  RH  vacuum  degassing  unit. 
The  powder  flux  mainly  containing  CaO,  which  is  injected  in  the  molten  steel  within  the  vacuum  vessel  of  the  RH 

vacuum  degassing  unit,  reacts  with  sulphur  in  the  molten  steel  and  partially  forms  CaS.  The  CaS  thus  formed  flows  in 
10  the  ladle  in  the  state  being  suspended  in  the  molten  steel,  and  subsequently,  it  is  floated  on  the  bath  surface  within 

the  ladle,  thus  progressing  the  desulphurization.  Further,  the  partial  unreacted  flux  is  also  floated  on  the  bath  surface 
along  the  same  path.  The  CaS  floated  on  the  bath  surface  is  contaminated  in  the  slag  deposited  on  the  bath  surface, 
At  this  time,  when  the  oxidation  degree  of  the  slag  is  high,  that  is,  (FeO  +  MnO)  %  is  high,  it  may  be  considered  that 
the  CaS  is  decomposed  again  and  [S]  is  returned  into  the  molten  steel,  thereby  obstructing  the  progress  of  the  desul- 

15  phurization.  Accordingly,  the  adjustment  of  the  slag  composition  is  effective  to  improve  the  desulphurizing  efficiency. 
Also,  in  the  above  process,  when  the  used  amount  of  the  powder  flux  is  constant,  the  flow  rate  of  the  powder  flux 

injected  on  the  molten  steel  within  the  vacuum  vessel  may  be  enlarged  for  increasing  the  desulphurizing  efficiency. 
The  present  inventors  have  examined  the  desulphurizing  ratio  in  changing  the  injecting  rate  of  the  powder  flux  (CaO 
+  20%CaF2:  4kg/t)  to  the  molten  steel  introduced  in  the  vacuum  vessel  of  the  RH  vacuum  degassing  unit.  As  a  result, 

20  as  shown  in  Fig.  10,  it  was  revealed  that  the  injecting  rate  is  preferably  within  the  range  of  0.2kg/min  or  more  per  It  of 
the  molten  steel. 

The  reason  why  the  injecting  rate  of  the  powder  flux  exerts  the  influence  on  the  desulphurizing  ratio  is  as  follows: 
Namely,  the  flux  suspended  in  the  molten  steel  within  the  vacuum  vessel  is  returned  in  the  ladle  and  floated  on  the 
bath  surface.  The  floated  flux  is  supposed  to  be  deposited  in  a  layer  structure,  and  the  growing  rate  of  the  deposited 

25  layer  in  the  thickness  direction  is  proportional  to  the  flow  rate  of  the  injected  powder  flux.  Also,  the  deposited  layer 
reacts  with  the  slag  on  the  bath  surface,  and  FeO  and  MnO  in  the  slag  is  diffused  in  the  flux,  so  that  the  flux  is  liable 
to  be  integrated  with  the  slag.  Accordingly,  in  the  case  that  the  growing  rate  of  the  flux  deposited  layer  is  large,  the 
tendency  to  be  integrated  with  the  oxidizing  slag  contain  ing  FeO  and  MnO  exceeds  the  growing  rate  of  the  flux  deposited 
layer,  so  that  the  oxidation  degree  of  the  floated  flux  is  increased  and  Gas  in  the  flux  is  decomposed  in  the  oxidizing 

30  environment.  Thus,  [S]  is  returned  again  in  the  molten  steel,  thereby  reducing  the  desulphurizing  ratio. 
On  the  other  hand,  in  the  case  that  the  growing  rate  of  the  flux  deposited  layer  is  large  enough  to  exceed  the 

integrating  tendency  with  the  slag,  FeO  and  MnO  is  restrictedly  diffused  and  permeated  to  a  part  of  the  flux  layer,  as 
a  result  of  which  the  flux  composition  in  the  vicinity  of  the  interface  in  contact  with  the  molten  steel  is  not  changed. 
Accordingly,  CaS  is  not  decomposed  and  the  desulphurizing  ratio  is  not  reduced.  In  addition,  the  suitable  range  of  the 

35  injection  rate  of  the  powder  flux  is  considered  to  be  changed  according  to  the  size  of  the  equipment,  for  example,  the 
sectional  area  of  the  ladle.  However,  as  shown  in  Fig.  10,  the  substantial  difference  does  not  exist  between  the  ladles 
of  100t  and  250t.  Consequently,  in  the  operation  on  the  commercial  scale,  the  powder  flux  may  be  injected  at  an 
injecting  rate  of  0.2  kg/min  or  more  per  It  of  the  molten  steel. 

Next,  in  the  RH  degassing  treatment,  with  reference  to  Figs.  1  2  and  1  3,  there  will  be  described  a  process  of  adding 
40  aluminum  and  a  reducing  agent  containing  aluminum  in  the  molten  steel  while  injecting  oxygen  or  oxidizing  gas  on  the 

molten  steel.  First,  in  starting  the  RH  degassing  treatment,  the  temperature  of  the  molten  steel  is  increased  by  adding 
aluminum  or  the  reducing  agent  containing  aluminum  in  the  molten  steel  while  injecting  oxygen  or  oxidizing  gas  on  the 
molten  steel  from  a  top-injecting  lance  78.  The  above  treatment  makes  it  possible  to  increase  the  temperature  of  the 
molten  steel  during  the  RH  degassing  treatment  without  increasing  the  furnace  tapping  temperature,  and  hence  to 

45  enhance  the  desulphurizing  efficiency.  By  the  addition  of  Al  in  the  molten  steel  together  with  oxygen,  the  temperature 
drop  caused  by  injection  of  a  flux  80  from  the  top-injecting  lancer  78  is  able  to  be  compensated.  In  addition,  the  added 
amount  of  Al  together  with  oxygen  is  specified  as  the  following  chemically  correct  mixture  ratio: 

2AI  +  3/20„  =>  ALO, 50  2  2  3 

Thus,  by  increasing  the  temperature  of  the  molten  steel  by  means  of  the  above  oxygen  injection  and  the  addition 
of  Al  on  the  steel  bath  surface  within  the  vacuum  vessel,  prior  to  injection  of  the  powder  flux  such  as  CaO  for  the  RH 
vacuum  degassing  treatment  and  desulphurization,  the  RH  vacuum  degassing  treatment  is  not  exerted  by  the  influence 

55  of  the  previous  process  (converting),  and  the  desulphurizing  rate  is  promoted. 
Also,  as  another  means,  there  is  added  a  process  of  reducing  the  steel  bath  depth  within  the  vacuum  vessel  during 

the  above  injection  of  CaO.  As  a  result  of  a  water  model  experiment  made  by  the  present  inventors,  in  the  case  that 
the  powder  flux  (average  particle  size:  0.5mm  §)  having  a  specific  gravity  smaller  than  water  is  injected  on  the  steel 
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bath  surface,  the  smaller  the  bath  depth  is,  the  larger  the  ratio  of  the  flux  being  circulated  and  contaminated  in  the 
molten  steel  within  the  ladle  is. 

By  the  reduction  in  the  bath  depth,  as  shown  in  Fig.  13,  CaO  powder  is  also  circulated  in  the  ladle  70  without 
remaining  in  the  vacuum  vessel,  so  that  the  effective  desulphurization  may  be  expected  as  compared  with  the  case, 

5  as  shown  in  Fig.  12,  that  the  bath  depth  is  larger. 
Commonly,  between  CaO  powder  and  [S]  in  the  steel,  a  reaction  of  CaO  +  S  =>  CaS  +0.  Accordingly,  by  making 

longer  the  time  for  which  the  injected  CaO  powder  is  circulated  together  with  the  molten  steel  to  be  thus  contacted 
therewith,  it  is  possible  to  increase  the  reaction  efficiency.  On  the  contrary,  when  the  injected  CaO  powder  remains  on 
the  steel  bath  surface  88  within  the  vacuum  vessel  76,  it  seems  reasonable  that  the  desulphurizing  efficiency  is  not 

10  increased  due  to  the  reduced  reaction  interface  area. 
Thus,  by  combining  the  treatments  of:  increasing  the  temperature  of  the  molten  steel  by  means  of  the  addition  of 

oxygen  or  oxidizing  gas  and  aluminum;  reducing  the  steel  bath  depth  within  the  vacuum  vessel;  and  injecting  CaO 
from  the  top-injecting  lance,  it  is  possible  to  remarkably  improve  the  reaction  efficiency  of  CaO.  Accordingly,  for  achiev- 
ing  the  sufficient  desulphurizing  performance,  the  injected  amount  of  CaO  is  about  1  kg/t,  preferably,  more  than  1  kg/t. 

is  In  addition,  the  experiment  was  made  under  the  condition  of  simultaneously  satisfying  the  above  treatments  of 
increasing  temperature  of  the  molten  steel,  reducing  the  bath  depth,  and  injecting  CaO,  which  gave  the  result  of  the 
further  excellent  desulphurizing  efficiency. 

Also,  in  the  course  of  the  research  on  the  further  desulphurizing  method,  the  present  inventors  have  found  the  fact 
that,  even  if  FeO  and  MnO  in  the  slag  are  controlled  to  be  lowered,  there  occasionally  occurs  a  large  variation  in  the 

20  desulphurizing  ratio. 
Thus,  the  present  inventors  have  examined  the  composition  of  the  ladle  slag  at  this  time,  and  found  the  fact  that, 

the  desulphurization  is  rapidly  progressed  up  to  the  ultra-low  sulphur  range  under  the  condition  that  the  component 
ratio  among  CaO,  AI203  and  Si02  is  specified  by  the  following  equation: 

25  
WCaO/(WAl2O3+2.5WSiO2)S0.9 

wherein  WCaQ  is  CaO  wt%  in  the  slag,  is  Al203  wt%  in  the  slag,  and  is  Si02  wt%  in  the  slag. 
Namely,  under  the  condition  that  the  composition  of  the  ladle  slag  is  out  of  the  above  equation,  that  is,  under  the 

30  undesirable  condition,  even  if  the  flux  injected  on  the  steel  bath  surface  within  the  vacuum  vessel  of  the  RH  vacuum 
degassing  unit  has  a  high  desulphurizing  performance  and  CaS  is  generated  by  the  reaction  between  CaO  and  [S]  in 
the  molten  steel,  when  the  flux  particles  are  floated  and  contacted  with  the  ladle  slag,  the  produced  CaS  cannot  be 
kept  as  it  is  and  [S]  is  released  in  the  molten  steel,  resulting  in  the  reduced  desulphurizing  ratio. 

As  described  above,  it  is  important  to  reform  the  composition  of  the  ladle  slag  before  performing  the  RH  vacuum 
35  degassing  treatment. 

Namely,  during  the  RH  vacuum  degassing  treatment,  the  top-injecting  lance  provided  on  the  upper  portion  of  the 
vacuum  vessel  is  descended  in  the  vacuum  vessel,  and  the  powder  flux  mainly  containing  CaO  is  injected  on  the 
molten  steel  surface  together  with  the  carrier  gas  such  as  argon  gas,  to  be  thus  reacted  with  sulphur  in  the  molten 
steel.  Thus,  a  part  of  the  injected  powder  flux  becomes  CaS,  and  simultaneously  the  powder  flux  is  certainly  floated 

40  on  the  slag  layer  deposited  on  the  upper  portion  of  the  ladle,  thereby  promoting  the  desulphurizing  reaction. 
The  present  invention  will  be  more  clearly  understood  with  reference  to  the  following  examples: 

Working  Example  1 

45  The  present  invention  was  embodied  according  to  the  processes  as  shown  in  Fig.  1  . 

(1)  Molten  Iron  Prerefining  Process 

The  molten  iron  was  tapped  in  an  amount  of  300t  from  the  blast  furnace  to  the  torpedo  car.  Subsequently,  a  flux 
50  was  injected  on  the  molten  iron  from  an  immersion  lance  for  dephosphorization  and  desulphurization.  At  the  same 

time,  the  slagging-off  of  the  dephophorizing  slag  was  made.  In  the  above,  as  the  dephosphorizing  flux,  25-35  kg/t  of 
iron  oxide,  8-1  5kg/t  of  quicklime  and  1  -2  kg/t  of  CaF2  were  used.  Also,  as  the  desulphurizing  flux,  6-8  kg/t  of  (30%CaO 
+  70%CaCO3)  was  used.  In  this  molten  iron  prerefining  process,  phosphor  content  was  lowered  from  0.11-0.12%  to 
0.035-0.05%,  and  sulphur  content  was  lowered  from  0.02-0.03%  to  0.005-0.009%. 

55 
(2)  Converting  Process 

Subsequently,  300t  of  the  molten  iron  thus  treated  was  blown  in  a  top-and-bottom  blown  converter.  The  carbon 
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content  at  the  blowdown  was  0.02-0.10%  and  the  temperature  of  the  molten  steel  was  1610-1630°C.  In  addition,  the 
flow  rate  of  the  top-blowing  02  was  700Nm3/min,  and  the  flow  rate  of  the  bottom-blowing  inert  gas  was  20-30Nm3/min. 

(3)  Slag  Reforming  Process 
5 

During  tapping  the  molten  steel  from  the  above  converter  to  the  ladle,  a  flux  containing  CaO  as  a  main  component 
and  40%  of  Al  was  added  in  an  amount  of  1  .3-1  .5kg  per  1t  of  the  molten  steel  for  adjusting  the  total  concentration  of 
FeO  and  MnO  in  the  slag  deposited  on  the  steel  bath  in  the  ladle  to  be  1  .3-5.0%.  At  this  time,  the  oxygen  concentration 
in  the  molten  steel  was  100-550ppm,  and  the  temperature  of  the  molten  steel  was  1590-1  61  0°C. 

10 
(4)  RH  Vacuum  Degassing  Treatment  Process 

At  the  time  elapsing  2  min.  since  starting  the  RH  vacuum  degassing  treatment,  a  water  cooling  lance  vertically 
inserted  from  the  top  to  the  bottom  of  the  vacuum  vessel  was  fixed  at  such  a  position  that  the  leading  edge  thereof 

is  was  apart  from  the  bath  surface  by  1  .5-2.0m.  02  gas  was  injected  on  the  steel  bath  surface  at  a  flow  rate  of  30-50Nm3/ 
min  from  the  above  lance,  so  that  the  02  concentration  after  injection  was  500-600ppm  and  the  temperature  of  the 
molten  steel  was  1595-1610  °C. 

After  that,  from  the  above  lance  positioned  to  be  apart  from  the  bath  surface  by  1  .5-1  .8m,  Ca(OH)2  powder  was 
injected  together  with  a  carrier  gas  of  Ar  gas  (2-3Nm3/min)  at  an  injecting  rate  of  30-60kg/min.  Thus,  the  concentrations 

20  of  carbon  and  oxygen  were  adjusted  to  be  5-7ppm  and  450-550ppm,  respectively. 
Further,  a  reducing  agent  of  Al  was  added  in  an  amount  of  1  .2-1  .4kg/t,  and  subsequently,  the  degassing  treatment 

for  the  molten  steel  was  made  for  8-10  min.  Thus,  the  RH  degassing  treatment  was  completed. 
The  composition  of  the  molten  steel  thus  treated  was;  C:  5-7ppm,  Al:  0.03-0.04%,  P:  0.024-0.030%,  and  S: 

0.004-0.008%.  Further,  the  temperature  of  the  molten  steel  was  1  570-1  580°C. 
25  Also,  comparative  examples  were  made  by  the  treatments  in  which  part  of  the  above  continuous  processes  was 

omitted,  or  by  the  treatments  including  the  processes  out  of  the  present  invention.  The  compositions  of  the  molten 
steels  thus  obtained  were  examined.  The  results  are  shown  in  Table  1  together  with  those  according  to  this  working 
example. 
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Working  Example  2 

The  molten  iron  was  blown  in  the  converter.  The  carbon  content  at  the  blow-down  was  0.03-0.05%  and  the  tem- 
perature  of  the  molten  steel  was  1  635-1  650°C.  The  molten  steel  in  an  amount  of  280t  was  tapped  to  the  ladle.  A 

5  reducing  agent  containing  alumina  as  a  main  component  and  40%  of  Al  was  added  to  the  converter  slag  flown  in  the 
ladle,  to  thus  adjust  the  total  concentration  of  FeO  and  MnO  in  the  slag  to  be  5%  or  less. 

After  that,  as  shown  in  Fig.  3,  an  immersion  tube  1  2  of  a  RH  vacuum  degassing  unit  was  inserted  in  a  molten  steel 
1  4  of  a  ladle  1  0,  and  the  molten  steel  1  4  was  introduced  in  a  vacuum  vessel  1  8  while  performing  the  exhaust  from  an 
exhaust  port  16.  Subsequently,  Ar  gas  was  injected  in  the  molten  steel  from  the  immersion  tube  12,  and  thereby  the 

10  degassing  treatment  was  made  by  the  circulation  of  the  molten  steel  using  the  lift-pumping  action.  At  the  time  elapsing 
2  min.  since  starting  the  RH  vacuum  degassing  treatment,  1  20-280Nm3  of  02  gas  was  injected  at  a  flow  rate  of  35Nm3/ 
min  from  a  top-injecting  lancer  20  vertically  inserted  from  the  top  to  the  bottom  of  the  vacuum  vessel.  For  the  time  of 
20  min.  after  starting  the  RH  treatment,  decarburization  was  made,  and  subsequently,  deoxidation  was  made  by  the 
addition  of  Al  to  thus  adjust  the  Al  concentration  in  the  molten  steel  to  be  50X1  0"3%.  After  that,  CaO  powder  22  was 

is  supplied  together  with  a  carrier  gas  of  Ar  gas  at  an  injection  speed  of  100-150kg/min  from  the  top-injecting  lance  20 
further  descended.  For  the  time  of  3-5  min.  after  injection  of  the  CaO  powder  22,  the  molten  steel  was  circulated.  Thus 
the  RH  treatment  was  completed. 

Fig.  4  shows  a  relationship  between  the  supplied  amount  of  the  powder  flux  22  of  CaO  and  the  total  oxygen  amount 
in  the  steel  after  the  RH  treatment.  As  is  apparent  from  this  figure,  since  the  oxygen  concentration  is  not  lowered  for 

20  the  supplied  amount  of  the  CaO  powder  being  less  than  3kg  per  1  1  of  the  molten  steel,  the  flux  in  an  amount  of  3kg  or 
more  per  1t  of  the  molten  steel  is  required  for  stably  melting  a  high  purity  steel  containing  the  total  oxygen  in  an  amount 
of  15ppm  or  less. 

Further,  by  injecting  02  gas  from  the  top-injecting  lance  during  the  RH  treatment,  a  large  amount  of  flux  could  be 
supplied  without  remarkably  increasing  the  temperature  of  the  molten  steel  before  the  RH  treatment.  Fig.  5  shows  the 

25  change  in  the  temperature  of  the  molten  steel  during  decarburization  in  the  case  that  3.3kg/t  of  the  flux  is  top-injected 
after  180Nm3  of  02  gas  is  top-injected,  or  in  the  case  that  2.5kg/t  of  the  flux  is  top-injected  without  the  top-injection  of 
the  02  gas.  As  is  apparent  from  this  figure,  by  top-injecting  02  gas  before  the  injection  of  the  flux,  the  temperature  of 
the  molten  steel  in  the  vacuum  vessel  due  to  the  secondary  combustion  generated  during  rimming  treatment  is  in- 
creased,  thereby  making  smaller  the  decreasing  rate  of  the  temperature  during  the  treatment.  When  02  gas  was  not 

30  injected  under  the  condition  that  the  temperature  of  the  molten  steel  before  the  RH  treatment  is  similar  to  the  above, 
the  temperature  of  the  molten  steel  was  lowered,  and  thus  the  amount  of  the  flux  was  reduced. 

As  compared  with  the  case  of  adjusting  the  composition  of  the  ladle  slag  and  of  injecting  the  flux,  there  were 
examined  two  comparative  examples  including  only  adjusting  the  composition  of  the  ladle  slag{(FeO  +  MnO)  g  5%), 
and  only  injecting  the  flux  (3kg/t).  In  each  of  the  comparative  examples,  the  total  oxygen  amount  in  the  steel  after  the 

35  RH  treatment  was  obtained.  The  results  are  shown  in  Fig.  6.  From  this  figure,  it  is  revealed  that  the  ultra-low  carbon 
steel  with  high  purity  can  be  obtained  only  according  to  the  combination  of  processes  of  the  present  invention. 

In  addition,  the  powder  flux  of  CaO  was  used  in  this  working  example;  however,  the  powder  flux  containing  at  least 
50%  of  CaO  sufficiently  gives  the  desired  effect,  and  therefore,  it  may  contain  MgO  or  the  like,  other  than  CaO. 

40  Working  Example  3 

The  molten  steel  in  an  amount  of  240-300t  was  tapped  from  the  converter  to  the  ladle.  During  tapping,  fused  slag 
in  an  amount  of  2500-3500kg  flowed  in  the  ladle. 

The  composition  of  the  molten  steel  on  tapping  was;  C:  0.04-0.06%,  Si:  0.15-0.25%,  Al:  0.03-0.04%,  and  S: 
45  0.003-0.004. 

The  slag  composition  was;  CaO:  40-50%,  SD2:  12-18%,  T-Fe:  7-11%,  and  Al203:  15-20%. 
The  above  molten  steel  was  subjected  to  RH  treatment.  The  treatment  time  was  20  min.  and  the  vacuum  degree 

was  0.4-0.5  Torr. 
As  comparative  charges,  there  were  performed  the  methods  of:  (1)  reducing  the  injected  amount  of  the  powder; 

so  and  (2)  adding  the  powder  in  the  vacuum  vessel. 
Also,  the  flow  rate  of  a  carrier  gas  in  injecting  the  powder  in  the  vessel  was  3-6Nm3/min,  and  the  top-blowing  lance 

of  single  opening  type  or  Laval  type  was  used.  Table  2  shows  this  working  example  and  the  comparative  example. 
Hereinafter,  there  will  be  described  the  working  examples  and  the  comparative  examples.  As  is  apparent  from 

Table  2,  according  to  the  present  invention,  wherein  the  flux  containing  CaO  as  a  main  component  and  5-40%  of  CaF2, 
55  Al203,  or  a  mixture  of  CaF2  and  Al203  is  injected  to  the  molten  steel  circulating  in  the  RH  vacuum  vessel  so  as  to 

satisfy  the  relationship  of  co/(p-A)  S  0.01  5,  the  sulphur  concentration  easily  reaches  the  level  by  the  ppm  of  one  figure. 
On  the  contrary,  as  shown  in  the  comparative  examples  3-1  to  3-3  comparable  with  the  working  example  3-2,  in 

the  case  of  not  satisfying  the  requirement  of  the  present  invention,  that  is,  (co/(p-A<0.015),  the  desulphurization  up  to 
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the  ultra-low  sulphur  region  cannot  be  achieved  irrespective  of  the  amount  of  the  flux.  Also,  in  the  comparative  example 
3-4  comparable  with  the  working  example  3-3,  that  is,  in  the  case  that  the  composition  of  the  synthetic  flux  does  not 
satisfy  the  requirement  of  the  present  invention,  the  ultra-low  sulphur  steel  cannot  be  obtained.  Further,  in  the  com- 
parative  example  3-5  wherein  the  flux  is  added  not  by  injecting,  but  by  top-addition  within  the  vessel  through  free- 
falling,  the  requirement  of  the  present  invention  is  not  satisfied,  thereby  making  impossible  to  obtain  the  the  ultra-low 
sulphur  steel. 
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Working  Example  4 

In  the  molten  iron  tapped  from  the  blast  furnace,  the  contents  of  P  and  S  were  adjusted  to  be  0.036-0.048%  and 
0.002-0.003%,  respectively.  Subsequently,  the  molten  iron  was  blown  in  the  top-and-bottom-blown  converter,  and  the 

5  molten  steel  in  an  amount  of  about  260t  was  tapped  in  the  ladle.  During  tapping  the  molten  steel  in  the  ladle,  FeSi 
alloy,  FeMn  alloy  and  Al  were  added  in  the  molten  steel,  to  thus  adjust  the  molten  steel  in  the  ladle  as  follows;  C: 
0.11-0.13%,  Mn:  1.2-1.3%,  Si:  0.35-0.38%,  Al:  0.025-0.053%,  S:  0.003-0.004%,  and  P:  0.021-0.025%.  Also,  for  low- 
ering  [%FeO]  and  [%MnO]  in  the  slag  on  the  steel  bath  surface  within  the  ladle,  the  powder  flux  containing  CaO  as  a 
main  component  and  40%  of  Al  was  added  in  an  amount  of  1  .5kg  per  1t  of  the  molten  steel,  to  thus  adjust  the  total 

10  concentration  of  [%FeO]  and  [%MnO]  to  be  5%  or  less. 
Next,  using  an  RH  degassing  unit  as  shown  in  Fig.  8,  at  the  time  elapsing  2  min.  since  starting  the  RH  degassing 

treatment,  a  water  cooling  lance  vertical  inserted  from  the  top  to  the  bottom  of  the  vacuum  vessel  was  fixed  at  such  a 
position  that  the  leading  edge  thereof  is  apart  from  the  bath  surface  by  1  .5-2.0m.  Then,  CaO  powder  (average  particle 
size:  68u.m)  containing  20%  of  CaF2  was  injected  together  with  a  carrier  gas  of  Ar  gas  at  a  flow  rate  of  0.2-0.5kg/min 

is  per  1  1  of  the  molten  steel  for  15-25  min.  After  that,  alloys  for  adjusting  the  composition  of  the  molten  steel  were  added, 
and  subsequently,  the  degassing  treatment  for  the  molten  steel  was  made  for  5-12  min.,  thus  completing  the  RH 
degassing  treatment. 

The  above  treatment  was  repeated  by  10  charges,  and  the  sulphurizing  ratio  was  obtained  on  the  basis  of  the 
change  in  [S]  concentration  after  and  before  each  treatment.  Fig.  11  shows  the  relationship  between  the  above  sul- 

20  phurizing  ratio  and  the  used  amount  of  the  flux  per  1t  of  the  molten  steel.  In  addition,  the  sulphurizing  ratio  was  calculated 
on  the  basis  of  the  equation  of(1  -[%S]/[%S]jX100  ,  wherein  [%S]f  is  a  sulphur  concentration  before  the  treatment, 
and  [%S]|  is  a  sulphur  concentration  after  the  treatment.  As  shown  in  Fig.  11  ,  according  to  the  present  invention,  the 
high  sulphurizing  ratio  was  obtained.  In  addition,  although  the  total  concentration  of  FeO  and  MnO  in  the  slag  was 
lowered  by  the  above  treatment,  the  increased  concentration  of  P  in  the  molten  steel  was  within  the  allowable  range 

25  of  0.001-0.002%. 

Working  Example  5 

The  molten  steel  in  an  amount  of  270-300t  was  tapped  from  the  converter  to  the  ladle.  The  composition  of  the 
30  molten  steel  was;  C:  0.04-0.05wt%,  Si:  0.25-0/35wt%,  Mn:  0.8-1  .0wt%,  P:  0.007wt%  or  less,  Al:  0.02-0.04wt%  and  S: 

0.002-0.004wt%. 
The  powder  slag  flowed  in  the  ladle  was  reformed  by  the  addition  of  a  reducing  agent  containing  Al.  The  composition 

of  the  reformed  slag  was;  CaO:  40-50%,  Si02:  10-17%,  Al203:  18-23%,  and  (FeO  +  MnO):  0.5-5.0%.  The  amount  of 
the  reformed  slag  was  2500-3500kg. 

35  After  adjustment  of  the  composition  of  the  reformed  slag  in  the  ladle  described  above,  the  molten  steel  of  the  above 
composition  was  subjected  to  RH  vacuum  degassing  treatment.  The  treatment  time  was  20-25  min.  and  the  vacuum 
degree  was  0.4-1.0  Torr.  Also,  the  injecting  rate  of  the  oxygen  from  the  top-injecting  lance  6  was  30-60Nm3/min.  In 
injection  CaO  powder,  a  carrier  gas  of  Ar  gas  was  supplied  at  the  injecting  rate  of  3-5Nm3/min.  In  addition,  the  top- 
injecting  lance  was  apart  from  the  bath  surface  by  1  .0-2.  5m. 

40  The  results  of  this  working  example  and  the  comparative  example  are  shown  in  Table  3.  As  is  apparent  from  Table 
3,  in  the  working  examples  5-1  to  5-11  in  Table  3,  the  sulphur  concentration  after  treatment  easily  reaches  the  level 
being  less  than  10ppm.  On  the  other  hand,  as  shown  in  the  comparative  example  5-2,  when  the  top-injected  amount 
of  02  is  changed  and  the  bath  depth  is  changed  by  moving  the  ladle  up  and  down,  for  the  injected  amount  of  the  powder 
mainly  containing  CaO  being  less  than  1  kg/t,  there  is  not  generated  the  remarkably  preferable  sulphurizing  effect.  Also, 

45  as  shown  in  the  comparative  examples  5-1  and  5-3,  when  the  bath  depth  is  made  constant  and  02  is  not  top-injected, 
for  the  injected  amount  of  the  powder  containing  CaO  being  1  kg/t  or  more,  the  sulphur  concentration  cannot  reach  the 
ultra-low  level  being  less  than  10ppm.  This  exhibits  the  predominance  of  the  present  invention. 

50 

55 
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Working  Example  6 

The  molten  steel  in  an  amount  of  about  270t  was  tapped  from  the  converter  to  the  ladle. 
For  adjusting  the  slag  composition  during  the  tapping,  CaO  was  charged  in  an  amount  of  300-500kg/ch.  Then, 

5  directly  after  tapping,  0.7kg/t  of  Al  powder  was  added  on  the  ladle  slag,  to  thus  reduce  FeO  and  MnO  in  the  ladle  slag. 
After  that,  CaO  was  charged  in  an  amount  of  300-1  OOOkg/ch,  thus  performing  the  RH  vacuum  degassing  treatment. 

The  composition  of  the  molten  steel  was;  C:  0.08-0.  1  5wt%,  Si:  0.  1  0-0.20wt%,  Mn:  0.8-1  .2wt%,  P:  0.01  5-0.  020wt%, 
S:  0.  003-0.  005wt%,  and  Al:  0.03-0.05wt%. 

In  the  RH  vacuum  degassing  treatment,  at  the  time  elapsing  3  min.  since  starting  the  treatment,  2kg/t  of  the  flux 
10  was  injected  together  with  Ar  gas.  At  this  time,  the  composition  of  the  flux  was;  CaO:  80wt%,  and  CaF2:  20wt%.  The 

RH  vacuum  degassing  treatment  was  performed  for  20  min. 
The  results  of  the  sulphurizing  experiment  made  under  the  above  condition  are  shown  in  Fig.  14.  In  this  figure, 

the  abscissa  indicates  the  index  calculated  by  the  slag  composition  and  is  represented  as: 

15  
WCaO/(WAI203  +2.5Wsi02) 

Also,  in  this  figure,  each  plot  marked  as  a  white  circle  corresponds  to  the  case  of  FeO  +  MnO  g  5%,  and  each 
plot  of  a  black  circle  corresponds  to  the  case  of  FeO  +  MnO  >  5%. 

20  As  a  result  shown  in  Fig.  14,  in  the  case  of  FeO  +  MnOg  5%,  the  desulphurizing  ratio  is  low  irrespective  of  the 
slag  composition.  Also,  even  in  the  case  of  FeO  +  MnO  >  5%,  if  the  equation  of  is  not  satisfied,  the  desulphurizing  ratio 
is  low,  that  is,  the  effective  desulphurization  does  not  performed. 

As  described  above,  it  becomes  apparent  to  the  desulphurizing  method  of  the  present  invention  enable  the  effective 
desulphurization. 

25  Next,  the  experiment  was  repeated,  except  for  changing  the  unit  requirement  of  the  flux.  The  result  is  shown  in 
Fig.  15. 

As  is  apparent  from  Fig.  1  5,  for  the  unit  requirement  of  the  flux  being  1  kg/t  or  less,  even  if  the  slag  composition  is 
suitably  adjusted,  the  desulphurizing  ratio  is  low.  The  reason  for  this  is  that,  since  the  desulphurization  is  mainly  de- 
pendent  on  the  injected  flux,  the  unit  requirement  being  1  kg/t  or  less  seems  to  be  simply  small  for  effecting  the  desul- 

30  phurization. 

Claims 

35  1.  A  method  of  refining  of  a  high  purity  steel  comprising: 

(1  )  a  prerefining  process  of  suppressing  the  contents  of  P  and  S  contained  in  molten  iron  tapped  from  a  blast 
furnace  to  be  0.05wt%  or  less  and  0.01  wt%  or  less,  respectively; 
(2)  a  process  of  decarburizing  the  molten  iron  after  said  prerefining  process  in  a  converter  in  such  a  manner 

40  that  the  carbon  content  is  within  the  range  of  0.02-0.1  wt%; 
(3)  a  process  of  adding  a  reducing  agent  and  a  flux  on  the  bath  surface  of  a  ladle  containing  a  molten  steel 
after  said  decarburizing  process,  thereby  adjusting  the  composition  of  slag  formed  on  the  bath  surface  in  such 
a  manner  that  the  total  concentration  of  FeO  and  MnO  becomes  5wt%  or  less;  and 
(4)  a  process  of  injecting  an  oxidizing  gas  on  the  bath  surface  of  the  molten  steel  introduced  from  the  ladle  to 

45  a  vacuum  vessel  of  an  RH  vacuum  degassing  unit,  thereby  adjusting  the  oxygen  concentration  and  the  tem- 
perature  of  the  molten  steel;  injecting  at  a  rate  of  30  to  60  Kg/min  a  powder  containing  hydrogen  for  adjusting 
the  carbon  concentration  of  the  molten  steel  in  a  specified  range;  and  adding  a  deoxidizing  agent  within  the 
vacuum  vessel  for  deoxidizing  the  molten  steel. 

so  2.  A  method  according  to  claim  1  wherein  said  process  (4)  is  effected  by 

mounting  an  RH  vacuum  degassing  unit  to  the  ladle  of  process  (3)  and  injecting  said  oxidizing  gas  from  a  top- 
injecting  lance  for  at  least  a  part  of  period  of  the  RH  vacuum  degassing  treatment;  and 
adding  Al  on  the  molten  steel  after  the  RH  vacuum  degassing  treatment,  and  subsequently,  injecting  a  powder 

55  flux  containing  50wt%  or  more  of  CaO  in  an  amount  of  3kg  per  1t  of  said  molten  steel  on  the  bath  surface  of 
the  molten  steel  from  said  top-injecting  lance. 

3.  A  method  according  to  claim  1  wherein 

15 
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a  powder  flux  containing  CaO  as  a  main  component  and  5-40wt%  of  CaF2  and/or  Al203  is  vertically  injected 
on  the  surface  of  the  molten  steel  circulating  within  a  vacuum  vessel  together  with  a  carrier  gas  at  a  flow  rate 
of  1  0m/sec  or  more  from  said  top-injecting  lance  in  the  amount  specified  by  the  following  equation: 

5 
co/p  S  0.01  5A 

wherein  co  is  the  weight  of  the  powder  mainly  containing  CaO  (Kg),  p  is  the  density  (kg/m3)  of  the  powder 
mainly  containing  CaO,  A  is  the  sectional  area  (m2)  of  the  ladle  at  the  position  of  the  surface  of  the  molten 

10  steel,  and  the  value  of  0.015  is  a  coefficient  equivalent  to  the  thickness  of  a  flux  layer. 

4.  A  method  according  to  claim  1  wherein  within  the  ladle  the  concentration  of  Al  in  the  molten  steel  is  adjusted  to 
0.02wt%  or  more. 

15  5.  A  method  according  to  claim  3  wherein  the  injected  amount  of  the  flux  powder  is  specified  to  be  0.2  kg/min  per  1t 
of  the  molten  steel. 

6.  A  method  according  to  claim  1  wherein  a  gas  and  a  desulphurizing  agent  is  injected  on  the  steel  bath  surface 
within  said  vacuum  vessel  of  a  RH  vacuum  degassing  unit  from  a  top-injecting  lance  provided  to  the  vessel,  thereby 

20  desulphurizing  the  molten  steel  and  wherein  Al  or  a  reducing  agent  containing  Al  is  added  and  said  powder  flux 
mainly  containing  CaO  is  injected  from  said  top-injecting  lance  in  an  amount  of  at  least  1  kg/t. 

7.  A  method  according  to  claim  1  wherein  the  bath  depth  of  said  molten  steel  remaining  within  said  vacuum  vessel 
is  reduced,  thereby  circulating  said  injected  powder  flux  between  the  vacuum  vessel  and  a  ladle  together  with  the 

25  molten  steel. 

8.  A  method  according  to  claim  1  wherein  the  position  of  said  ladle  is  descended  in  order  to  reduce  the  bath  depth 
of  the  molten  steel  remaining  within  said  vacuum  vessel,  thereby  circulating  said  injected  powder  flux  between  the 
vacuum  vessel  and  the  ladle  together  with  the  molten  steel. 

30 

40 

9.  A  method  according  to  claim  1  comprising: 

charging  CaO  in  a  ladle  during  or  after  tapping,  thereby  adjusting  the  composition  of  ladle  slag  before  RH 
vacuum  degassing  treatment  to  be  the  value  represented  as  the  following  equation;  and 

35  injecting  a  powder  flux  mainly  containing  CaO  on  the  molten  steel  within  the  vacuum  vessel  from  said  top- 
injecting  lance  in  an  amount  of  at  least  1  .0  kg/t,  thereby  performing  RH  vacuum  degassing  treatment: 

V W O / V o   +2.5WSio)S9 

wherein  WCaQ  is  the  content  of  CaO  in  slag  (wt%),  WA|2q3  is  the  content  of  Al203  in  slag  (wt%),  and  WSi02  is 
the  content  of  Si02  in  slag  (wt%). 

45  Patentanspriiche 

1.  Verfahren  zum  Frischen  von  hochreinem  Stahl  mit: 

(1  )  einem  VorfrischprozeB  zur  Senkung  des  Gehalts  an  P  bzw.  S  im  geschmolzenen  Eisen,  welches  aus  einem 
50  Hochofen  abgestochen  wird,  auf  0,05  Gew.-%  oder  weniger  bzw.  auf  0,01  Gew.-%  oder  weniger; 

(2)  einem  EntkohlungsprozeB  des  geschmolzenen  Eisens  nach  dem  Vorfrischen  in  einem  Konverter  derart, 
dal3  der  Kohlenstoffgehalt  zwischen  0,02  -  0,1  Gew.-%  liegt; 
(3)  einem  ProzeB  der  Beigabe  eines  Reduziermittels  und  eines  FluBmittels  auf  die  Badoberflache  einer  Pfan- 
ne,  welche  eine  Stahlschmelze  nach  dem  EntkohlungsprozeB  enthalt,  wodurch  die  Zusammensetzung  der 

55  Schlacke,  die  sich  auf  der  Oberflache  des  Bades  gebildet  hat,  derart  eingestellt  wird,  dal3  die  Gesamtkonzen- 
tration  an  FeO  und  MnO  5  Gew.-%  oder  weniger  betragt;  und 
(4)  einem  ProzeB  des  Aufblasens  eines  Oxidationsgases  auf  die  Badoberflache  der  Stahlschmelze,  welche 
aus  der  Pfanne  in  einen  Vakuumbehalter  einer  RH-Vakuumentgasungseinheit  eingeleitet  wird,  wodurch  die 

16 
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Sauerstoffkonzentration  der  Stahlschmelze  und  die  Temperatur  der  Stahlschmelze  eingestellt  werden,  des 
Aufblasens  eines  wasserstoffhaltigen  Pulvers  mit  30  bis  60  kg/min,  urn  so  die  Kohlenstoffkonzentration  der 
Stahlschmelze  auf  einen  bestimmten  Bereich  einzustellen,  und  des  Beigebens  eines  Reduziermittels  in  den 
Vakuumbehalter  zur  Desoxidation  der  Stahlschmelze. 

Verfahren  gemaB  Anspruch  1,  wobei  der  ProzeB  (4)  erfolgt  durch 

das  Anbringen  einer  RH-Vakuumentgasungseinheit  an  der  Pfanne  aus  ProzeB  (3)  und  durch  das  Aufblasen 
des  Oxidationsgases  aus  einer  Aufblaslanze  wahrend  zumindest  eines  Teils  der  Zeit  der  RH-Vakuumentga- 
sung;  und 
das  Zufugen  von  Al  zur  Stahlschmelze  nach  der  RH-Vakuumentgasung  und  anschlieBendes  Aufblasen  eines 
pulverformigen  FluBmittels  mit  einem  CaO-Gehalt  von  mindestens  50  %  in  einer  Menge  von  3  kg  pro  1  t 
Stahlschmelze  aus  der  Aufblaslanze  auf  die  Badoberflache  der  Stahlschmelze. 

Verfahren  gemaB  Anspruch  1,  wobei 

ein  pulverformiges  FluBmittel,  welches  CaO  als  Hauptbestandteil  und  5  -  40  Gew.-%  CaF2  und/oder  Al203 
enthalt  und  zusammen  mit  einem  Tragergas  in  dem  Vakuumbehalter  zirkuliert,  vertikal  auf  die  Oberflache  der 
Stahlschmelze  mit  einer  Stromungsgeschwindigkeit  von  mindestens  10  m/s  aus  der  Aufblaslanze  in  einer 
Menge  aufgeblasen  wird,  die  durch  die  folgende  Gleichung  angegeben  wird: 

co/p>0,015  A, 

wobei  co  das  Gewicht  des  vorwiegend  CaO-haltigen  Pulvers  (kg)  ist,  p  die  Dichte  (kg/m3)  des  vorwiegend 
CaO-haltigen  Pulvers  ist,  A  die  Querschnittsflache  (m2)  der  Pfanne  an  der  Oberflache  der  Stahlschmelze  ist 
und  der  Wert  0,015  einen  Koeffizienten  darstellt,  der  aquivalent  zur  Dicke  einer  FluBmittelschicht  ist. 

Verfahren  gemaB  Anspruch  1  ,  wobei  in  der  Pfanne  die  Al-Konzentration  in  der  Stahlschmelze  auf  mindestens  0,02 
Gew.-%  eingestellt  wird. 

Verfahren  gemaB  Anspruch  3,  wobei  die  aufgeblasene  Menge  FluBmittelpulver  auf  0,2  kg/min  pro  1  1  Stahlschmel- 
ze  festgelegt  wird. 

Verfahren  gemaB  Anspruch  1  ,  wobei  ein  Gas  und  ein  Entschwefelungsmittel  aus  einer  am  Behalter  angebrachten 
Aufblaslanze  auf  die  Oberflache  des  Stahlbades  im  Vakuumbehalter  einer  RH-Vakuumentgasungseinheit  aufge- 
blasen  wird,  wodurch  die  Stahlschmelze  entschwefelt  wird,  und  wobei  Al  oder  ein  Al-haltiges  Reduziermittel  bei- 
gegeben  wird  und  das  vorwiegend  CaO  enthaltende  pulverformige  FluBmittel  in  einer  Menge  von  mindestens  1 
kg/t  aus  der  Aufblaslanze  aufgeblasen  wird. 

Verfahren  gemaB  Anspruch  1  ,  wobei  die  Badtiefe  der  im  Vakuumbehalter  verbleibenden  Stahlschmelze  verringert 
wird,  wodurch  das  aufgeblasene  pulverformige  FluBmittel  zusammen  mit  der  Stahlschmelze  zwischen  dem  Vaku- 
umbehalter  und  einer  Pfanne  zirkuliert. 

Verfahren  gemaB  Anspruch  1  ,  wobei  die  Pfanne  abgesenkt  wird,  urn  die  Badtiefe  der  im  Vakuumbehalter  verblei- 
benden  Stahlschmelze  zu  vermindern,  wodurch  das  aufgeblasene  pulverformige  FluBmittel  zusammen  mit  der 
Stahlschmelze  zwischen  dem  Vakuumbehalter  und  der  Pfanne  zirkuliert. 

Verfahren  gemaB  Anspruch  1,  welches  umfaBt: 

das  Einleiten  von  CaO  in  die  Pfanne  wahrend  oder  nach  dem  Abstich,  urn  dadurch  die  Zusammensetzung 
der  Pfannenschlacke  vor  der  RH-Vakuumentgasung  auf  einen  Wert  einzustellen,  welcher  durch  die  nachste- 
hende  Gleichung  angegeben  wird;  und 
das  Aufblasen  eines  pulverformigen  FluBmittels,  welches  hauptsachlich  CaO  enthalt,  aus  einer  Aufblaslanze 
auf  die  Stahlschmelze  im  Vakuumbehalter  in  einer  Menge  von  mindestens  1  ,0  kg/t  zur  Durchfuhrung  der  RH- 
Vakuumentgasung: 

17 
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WCa0/(WAI203  +2,5Wsi02)>9, 

wobei  WCaQ  der  CaO-Gehalt  in  der  Schlacke  (Gew.-%),  WA|203  der  Gehalt  an  Al203  in  der  Schlacke  (Gew.- 
5  %)  und  WSi02  der  Si02-Gehalt  in  der  Schlacke  (Gew.-%)  ist. 

Revendications 

10  1  .  Procede  d'affinage  d'un  acier  tres  pur  comprenant  : 

(1  )  un  processus  d'affinage  preliminaire  consistant  a  supprimer  les  teneurs  en  phosphore  (P)  et  en  soufre  (S) 
contenus  dans  une  fonte  liquide  coulee  d'un  haut  fourneau,  devant  etre  respectivement  de  0,05  %  en  poids 
ou  moins  et  de  0,01  %  en  poids  ou  moins  ; 

15  (2)  un  processus  de  decarburation  de  la  fonte  liquide  apres  ledit  processus  d'affinage  preliminaire  dans  un 
convertisseur,  de  maniere  telle  que  lateneur  en  carbone  soit  comprise  entre  0,02  %  et  0,1  %  en  poids  ; 
(3)  un  processus  consistant  a  ajouter  un  reducteur  et  un  fondant  a  la  surface  du  bain  d'une  poche  de  coulee 
contenant  un  acier  liquide  apres  ledit  processus  de  decarburation,  ajustant  ainsi  la  composition  du  laitier  forme 
a  la  surface  du  bain,  de  maniere  telle  que  la  concentration  totale  en  oxyde  fer  (FeO)  et  en  oxyde  de  manganese 

20  (MnO)  passe  a  5  %  en  poids  ou  moins  ;  et 
(4)  un  processus  consistant  : 

a  injecter  un  gaz  oxydant  a  la  surface  du  bain  de  I'acier  liquide,  introduit  par  la  poche  de  coulee  jusqu'a 
un  recipient  sous  vide  d'une  unite  sous  vide  de  degazage  par  circulation  (RH),  ajustant  ainsi  la  concen- 

25  tration  en  oxygene  et  la  temperature  de  I'acier  liquide  ; 
a  injecter  a  un  debit  de  30  a  60  kg/mn  une  poudre  contenant  de  I'hydrogene  pour  ajuster  la  concen-tration 
en  carbone  de  I'acier  liquide  suivant  une  plage  specifiee;  et 
a  ajouter  un  desoxydant  a  I'interieur  du  recipient  sous  vide  pour  desoxyder  I'acier  liquide. 

30  2.  Procede  selon  la  revendication  1  ,  dans  lequel  ledit  processus  (4)  est  effectue  : 

en  montant  une  unite  sous  vide  de  degazage  par  circulation  (RH)  sur  la  poche  de  coulee  du  processus  (3)  et 
en  injectant  ledit  gaz  oxydant  par  une  lance  d'injection  par  le  haut  pendant  au  moins  une  partie  de  la  periode 
de  traitement  sous  vide  de  degazage  par  circulation  (RH);  et 

35  en  ajoutant  de  I'aluminium  (Al)  a  I'acier  liquide  apres  le  traitement  sous  vide  de  degazage  par  circulation  (RH) 
et,  ensuite,  en  injectant,  a  la  surface  du  bain  de  I'acier  liquide,  par  ladite  lance  d'injection  par  le  haut,  un  fondant 
en  poudre  contenant  50  %  en  poids  ou  plus  d'oxyde  de  calcium  (CaO)  suivant  une  quantite  de  3  kg  pour  1 
tonne  dudit  acier  liquide. 

40  3.  Procede  selon  la  revendication  1,  dans  lequel 

un  fondant  en  poudre,  contenant  de  I'oxyde  de  calcium  (CaO)  comme  composant  principal  et  entre  5  %  et  40 
%  en  poids  de  fluorure  de  calcium  (CaF2)  et/ou  de  I'oxyde  d'aluminium  (Al203),  est  injecte  verticalement  a  la 
surface  de  I'acier  liquide  circulant,  ainsi  qu'un  gaz  porteur,  dans  un  recipient  sous  vide,  ladite  injection  etant 

45  effectuee  a  un  debit  de  10  m/s  ou  plus,  par  ladite  lance  d'injection  par  le  haut  selon  la  quantite  specifiee  par 
I'equation  qui  suit  : 

co/p  S  0.01  5A 

50 
ou  co  est  le  poids  (kg)  de  la  poudre  contenant  principalement  de  I'oxyde  de  calcium  (CaO),  p  est  la  densite 
(kg/m3)  de  la  poudre  contenant  principalement  de  I'oxyde  de  calcium  (CaO),  A  est  la  surface  (m2)  de  la  poche 
de  coulee  au  niveau  de  la  position  de  la  surface  de  I'acier  liquide,  la  valeur  de  0,015  etant  un  coefficient 
equivalant  a  I'epaisseur  d'une  couche  de  fondant. 

55 
4.  Procede  selon  la  revendication  1  ,  dans  lequel,  dans  la  poche  de  coulee,  la  concentration  en  aluminium  (Al)  dans 

I'acier  liquide  est  ajustee  a  0,02  %  en  poids  ou  plus. 

18 
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Procede  selon  la  revendication  3,  dans  lequel  la  quantite  injectee  de  fondant  en  poudre  est  specifiee  pour  etre  de 
0,2  kg/mn  pour  1  tonne  d'acier  liquide. 

Procede  selon  la  revendication  1  ,  dans  lequel  un  gaz  et  un  agent  de  desulfuration  sont  injectes  a  la  surface  du 
bain  d'acier,  a  I'interieur  dudit  recipient  sous  vide  d'une  unite  sous  vide  de  degazage  par  circulation  (RH),  ladite 
injection  etant  effectuee  par  une  lance  a  injection  par  le  haut  prevue  sur  le  recipient,  desulfurant  ainsi  I'acier  liquide, 
et  ou  Ton  ajoutede  I'aluminium  (Al)ou  un  reducteur  contenant  de  I'aluminium  (Al),  ledit  fondant  en  poudre  contenant 
principalement  de  I'oxyde  de  calcium  (CaO)  etant  injecte  par  ladite  lance  d'injection  par  le  haut  suivant  une  quantite 
d'au  moins  1  kg/t. 

Procede  selon  la  revendication  1  ,  dans  lequel  la  profondeur  du  bain  dudit  acier  liquide  restant  dans  ledit  recipient 
sous  vide  est  reduite,  faisant  que  ledit  fondant  en  poudre  injecte,  associe  a  I'acier  liquide,  circule  entre  le  recipient 
sous  vide  et  une  poche  de  coulee. 

Procede  selon  la  revendication  1  ,  dans  lequel  la  position  de  ladite  poche  de  coulee  est  descendue  afin  de  reduire 
la  profondeur  du  bain  de  I'acier  liquide  restant  dans  ledit  recipient  sous  vide,  faisant  que  ledit  fondant  en  poudre 
injecte,  associe  a  I'acier  liquide,  circule  entre  le  recipient  sous  vide  et  la  poche  de  coulee. 

Procede  selon  la  revendication  1  comprenant  les  phases  consistant  : 

a  charger  de  I'oxyde  de  calcium  (CaO)  dans  une  poche  de  coulee  pendant  ou  apres  la  coulee,  ajustant  ainsi 
la  composition  du  laitier  de  coulee  avant  le  traitement  sous  vide  de  degazage  par  circulation  (RH),  a  la  valeur 
representee  par  I'equation  qui  suit  ;  et 
a  injecter  un  fondant  en  poudre  contenant  principalement  de  I'oxyde  de  calcium  (CaO)  sur  I'acier  liquide  con- 
tenu  dans  le  recipient  sous  vide,  ladite  injection  etant  effectuee  par  ladite  lance  a  injection  par  le  haut  suivant 
une  quantite  d'au  moins  1  ,0  kg/t,  permettant  d'effectuer  ainsi  un  traitement  sous  vide  de  degazage  par  circu- 
lation  (RH): 

wCaO/(WAl2o3  +  2.5WSi02)S9 

ou  WCaQ  est  lateneur  en  oxyde  de  calcium  (CaO)  dans  le  laitier  (%  en  poids),  WA|2q3  etant  lateneur  en  oxyde 
d'aluminium  (Al203)  dans  le  laitier  (%  en  poids)  et  WSi02  etant  la  teneur  en  oxyde  de  silicium  (Si02)  dans  le 
laitier  (%  en  poids). 
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